T he elderly are a steadily expanding population of patients. Today's population involves a larger proportion of elderly people who are projected to live longer and are involved in more active lifestyles. The life expectancy of a 65-year-old man or woman is approximately 18 and 20 years, respectively, compared with approximately 14 and 18 years in 1980.
1 It is currently estimated that by 2030 approximately 21% of the population in the United States will be older than 65 years. 2 In correlation with this aging of the US population is an increase in the overall number and proportion of injured elderly patients presenting to trauma centers. This is reflected in data from the National Trauma Data Bank, which revealed an increase from 23% of patients 65 years or older presenting to Level I and Level II trauma centers in 2003 to 30% in 2009. 3 The increasing age of trauma patients has forced providers to focus on the physiologic changes, rehabilitation requirements, and social needs of this patient population.
Elderly trauma patients not only present a challenge due to their increasing numbers. Mortality in patients older than 65 years has been shown to be at least twice that of younger patients with equivalent injury severity. 4 Many factors have been associated with this increased mortality and include polypharmacy, more comorbid conditions, higher risk of malnutrition, and less physiologic reserve compared with younger patients. [5] [6] [7] [8] [9] [10] [11] [12] [13] These physiologic differences are often not accounted for in standard triage criteria and have consistently led to the undertriage of trauma patients older than 60 years. 7, [14] [15] [16] [17] An increase in trauma activation for elderly patients has been proposed by several authors; however, the age at which a trauma patient becomes "elderly" remains uncertain, with ages suggested ranging from 55 to 80 years. 7, 13, 17, 18 Depending on the age criterion used, this could result in a large increase in trauma team activations, place an undue burden upon trauma systems, and dramatically increase the cost of care for elderly patients. The aim of this study was to identify an age cutoff that conveys a mortality benefit in efforts to better optimize the resource and cost utilization of trauma systems.
METHODS
After approval was obtained by the institutional review board of Indiana University School of Medicine, the records of trauma patients older than 70 years presenting to the emergency department (ED) of Indiana University Health (IUH) Methodist Hospital from October 1, 2011, to October 1, 2016, were retrospectively reviewed. The IUH Methodist Hospital, an American College of Surgeons Level I trauma center, is the state's largest hospital and busiest trauma center, with approximately 3,600 trauma admissions per year.
There are four levels of trauma team activation at IUH Methodist Hospital. Patients are triaged based on prehospital reports and according to published criteria ( Table 1) . The highest level, Level 1 activation, requires immediate evaluation from the entire trauma team, which includes attending trauma surgeon, general surgery residents, the ED attending physician and resident, three ED nurses, a clinical specialty pharmacist, and representatives from chaplaincy and social services. Level 2 activation requires prompt evaluation by an attending trauma surgeon, general surgery resident, ED resident, and ED attending physician. Level 3 activations are evaluated by the ED physicians alone; the trauma team is consulted on an as-needed basis. The Level 4 designation includes patients who have single organ system injuries for which the inpatient trauma service was never consulted.
Criteria for Level 1 activation were expanded on October 1, 2013, to include all patients older than 70 years with Level 2 activation criteria. A retrospective review of all trauma patients 70 years or older admitted from October 1, 2011, through October 1, 2016, was performed. Patients admitted to the trauma service before October 1, 2013, were designated the PRE group, and those admitted after were designated the POST group. Exclusion criteria were prehospital cardiac arrest, death in the ED, and burn injury. Data were collected from the IUH Methodist Hospital trauma registry and included patient age, mechanism of injury, Injury Severity Score (ISS), ED length of stay (LOS), hospital LOS, total number of in-hospital complications, mortality, and discharge destination.
The primary outcome was mortality, and secondary outcome was hospital LOS. Statistical analysis was performed using Stata SE 14.2 (StataCorp., College Station, TX). Multivariable regression analysis was performed to control for age, mechanism of injury, ISS, and number of complications. Logistic regression was used to estimate the adjusted odds ratio (OR) (95% confidence interval [CI] ) to examine the association of age with mortality. Linear regressions parameter (95% CI) was used to examine the association of age with hospital LOS. For all significant tests, p < 0.05 was used to determine significance. Overtriage and undertriage rates were calculated using the Cribari method, and the differences in these rates were compared with a Mann-Whitney U-test.
RESULTS
A total of 4,341 patients met the criteria for inclusion, with 1,919 patients in the PRE group and 2,422 in the POST group ( Table 2 ). The mean age was 80.4 and 81 years in the PRE and POST groups, respectively ( p = 0.0155). Mean ISS values were 11.6 and 12.4 ( p < 0.0001) for the PRE and POST groups. Mechanism of injury was 67.3% blunt, 1.26% penetrating, and 31.4% other mechanism for the PRE group and 98.9% blunt, 0.78% penetrating, and 0.29% other mechanism for the POST group ( p < 0.0001). Length of stay was similar between groups: 5.9 days for PRE and 5.8 days for POST ( p = 0.45). After controlling for age, ISS, mechanism of injury, and number of complications, in-hospital mortality was significantly reduced in the POST group at age 77 years (OR, 0.53; 95% CI, 0.3-0.87, p = 0.011) (Fig. 1) . This mortality reduction for Level 1 trauma activation held for all subsequent ages after 77 years. Prior to age 77 years, there was not a statistically significant mortality benefit associated with higher level of trauma activation. Hospital LOS was significantly reduced in the POST group at 78 years or older (regression coefficient, −0.55; 95% CI, −1.09 to −0.01; p = 0.048) (Fig. 2) . Additionally, the LOS benefit remained significant for all subsequent ages after age 78 years. Prior to age 78 years, there was not a statistically significant reduction in-hospital LOS between the PRE and POST groups. The overtriage rate in the PRE group was 47.03% compared with 51.96% in the POST group; this difference did not reach statistical significance ( p = 0.629). The undertriage rates between groups were not significantly different: 28.51% in the PRE group versus 26.26% in the POST group ( p = 0.4).
DISCUSSION
It is well recognized that care of elderly patients who have been traumatically injured is challenging, complex, and increasingly significant to trauma centers secondary to the increase of this population. With the geriatric population steadily growing, traumatic injuries in this population will continue to be an expanding issue faced by every trauma surgeon. These patients have repeatedly demonstrated that advanced age, increased comorbidities, reduced physiologic reserve, and presence of frailty lead to poor outcomes after injury. 10 Attempting to establish effective interventions for this population constantly challenges trauma systems.
Many studies have sought to improve outcomes for this patient population, and several have focused on prehospital triage criteria and postadmission management strategies. 6, 7, 11, [19] [20] [21] [22] [23] [24] [25] Current literature has examined the development of prognostic tools, early nutritional assessment, early involvement of specialty services such as palliative medicine or geriatricians, and geriatric specific trauma protocols, and all have been shown to reduce adverse outcomes to some degree. 5, 9, 26, 27 Our institution recently published data on age as a criterion for increasing the level of trauma activation. 28 Higher level of activation correlated with shorter ED LOS and mortality for patients older than 70 years. 28 Although it is used as one of the most important prognosticators, age is unable to fully account for the mortality risk within this population. Campbell-Furtick et al. 12 recently associated, via multivariate logistic regression in a stepwise fashion, only a 10% contribution of age to overall posttrauma mortality. Within this cohort of 872,861 patients, the straight line trends in the data showed increases in mortality at ages 37, 60, and 78 years. 12 However, the age at which a trauma patient becomes "elderly" remains uncertain, and no consensus has yet been established.
The age of 70 years has been shown to have an association with substantial mortality despite minor injuries. 7 Additionally, ISS, shock index, and admission systolic blood pressure have been linked to predicting mortality in this population. 8, 23 A recent study demonstrated that age may only contribute in a minor fashion when looking at cause of mortality, 12 but alternatively, it remains the fastest way to stratify and identify the "geriatric" trauma patient. Because of these advantages of using age as a means of improving outcomes, expanding trauma activation criteria to include age has been studied. 7, 28, 29 The goals of this strategy have been to provide timely evaluation, diagnosis, and resource allocation by expanding the trauma activation criteria for the highest level to include age. However, this change can result in a significant increase in Level 1 activations compared with traditional methods potentially placing an undue financial burden on patients and negatively impact the utilization of resources within the trauma system. Our study sought to identify at what age this intervention was most beneficial to the patient and reduce mortality. We identified no difference in mortality or hospital LOS when Level I trauma activation was initiated prior to age 77 and 78 years, respectively. Early evaluation, diagnostic testing, disposition planning, and hospital admission that comes in conjunction with Level 1 activation do not benefit all patients equally. There is a mortality benefit to Level 1 activation after age 70 years, 28 but within that decade, this is seen only after the age of 77 years. In this study, 1,427 patients (32.9%) were younger than 77 years.
More level 1 activations subsequently place a significant burden on the trauma service, system, and resources available. For patient charges in our system, a Level I trauma activation carries a total charge of $21,326 as compared with $15,354 for a Level 2 activation. There were 1,645 patients (37.9%) who were aged 70 to 77 years. These patients otherwise met Level 2 criteria, and allowing them to be evaluated as such could alleviate this increased system burden without a concomitant increase in mortality or LOS. If this group is evaluated as Level 2 trauma, the savings to the patients would have been $9,823,940.
The Eastern Association for the Surgery of Trauma guidelines on geriatric trauma state clearly that patients 65 years or older with preexisting comorbid conditions or severe anatomic injuries should be treated in a trauma center. 20 Not all trauma centers may be equal in caring for this population. Overall volume of geriatric trauma patients cared for is another important aspect to improving outcomes for this cohort; centers whose patients are proportionally older have been shown to reduce overall complications from 22% to 14% and reduce failure to rescue from 4% down to 2% and overall mortality. 30 Tracking age alone estimated a 16% mortality for patients 70 years or older with minor injuries and up to 50% for major injuries. 7 These data have led trauma centers to alter both their triage criteria and postinjury quality improvement efforts to best optimize the patients' care. Without the ability to change our patient demographics, our center changed the Level 1 activation criteria to include 70 years or older in efforts to improve care delivery. Our results suggest that this age cutoff may not offer the mortality benefit equally, and a more focused approach to increasing level of activation can lead to similar mortality benefit without increasing LOS or overall complication rates.
Broadening the criteria for trauma activation does raise concerns for overtriage. Our previous study evaluated this point, and only 2% of the overtriaged patients within this time frame were older than 70 years. 28 Furthermore, our data did not show an increase in overtriage or a decrease in undertriage between groups with this policy change. Undertriage of the geriatric trauma patient is well established and has been reported to be as high as 61% nationally. Risk factors for undertriage in this study included age, female gender, and fall-related injuries. 15 This holds true for both emergency medical services personnel as well as nontrauma centers who do not initiate interfacility transfers to tertiary trauma centers for more severely injured older adults. 14 We did not see any significant increase in overtriage based on our criteria modification, and it may have allowed a more timely evaluation by the trauma service in a previously undertriaged patient despite no significant decrease in undertriage.
This study is not without limitations. These patients were evaluated retrospectively, and causality is unable to be established. Age alone is not going to be the specific cause of increased mortality in this patient population. Other variables could be contributing to the differences that we have observed. Comorbidities and frailty were not directly measured despite frailty seemingly superior to age when discussing outcomes for this cohort. 10 However, this information is not readily available to prehospital providers or trauma surgeons in the ED. Any evaluation of frailty would take more time to assess compared with age alone; therefore, initial interventions are directed at rapidly assessed patient information. Some patients were excluded because of missing data for the collected variables, but the number was low and evenly distributed across the PRE and POST groups. The undertriage and overtriage rates may not be clinically accurate. The Cribari method was used to identify both undertriaged and overtriaged patients and does not take into account any of the activation criteria, but rather uses ISS alone and level of activation. Lastly, these data were collected at the index hospital admission alone, and no follow-up data were recorded, so long-term outcomes cannot be commented on for this study.
Using age alone to enact a simple intervention of higher level of trauma activation reduces mortality in injured, geriatric trauma patients. This also applies a significant pressure on the trauma system for resource utilization and increases the costs to the patient. Using a more focused approach, this mortality benefit was not significant until age 77 years, and the reduced LOS benefit was significant at age 78 years without any changes in complication rate. These data suggest that tightening the activation criteria to a later age could offload a portion of the burden to the system. AUTHORSHIP B.W.C. performed literature search, study design, data collection, data analysis, data interpretation, and writing. P.M.H. performed literature search, study design, and data collection. L.T. performed data analysis and data interpretation. G.R. and D.V.F. performed study design and critical revision of the manuscript. J.J.C. performed literature search, study design, data interpretation, writing, and critical revision of the manuscript.
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